ABSTRACT -It was evaluated the effects of metabolizable energy (ME) and digestible lysine (dLYS) densities on performance and body composition of weaned piglets. The study used 114 piglets weaned at 7.4 ± 0.80 kg, out of which 108 were allotted in the nursery and 6 were slaughtered on the weaning day to determine comparative data of body chemical composition. Six nutrients densities were stipulated from a previous study based on the highest nitrogen retention, maintaining the following ME:LYS relationship in the experimental diets: 3,390:1.291; 3,450:1.409; 3,650:1.411; 3,780:1.461; 3,940:1.507; and 4,109 kcal/kg ME:1.564% dLYS. The experimental diets were offered for 13 days when the piglets reached 12.986 ± 1.449 kg of body weight. The probable residual effects of nutritional density on the subsequent performance of the piglets were evaluated. At the end of initial phase 1, six piglets from each density were slaughtered to determine their chemical composition in body fractions and empty body. There was no significant influence of nutritional levels on the performance of the piglets at the end of the evaluation. The results of food conversion and body composition confirm the level indicated in the previous study, 4 g dLYS/Mcal of ME. The increase of energy and lysine densities confirms the need for a correct relationship among both of them to assure better performance of the piglets at the beginning of the growing phase. 
Introduction
Improvement in swine nutrition requires periodic reviews of nutritional levels recommended for each animal category. These requirements depend on environmental conditions and on the management that the pigs are submitted to as much as on health conditions and genotypes existing in the world market, where Brazil is strongly insertet. As a result, the importance of lysine as a first limiting amino acid in most diets, which have been formulated to attend the maximum requirements for protein deposition during the growth of swines has greater evidence.
The supplied energy needs to meet the requirements for maintenance and accretion of body mass. However, the non-intrinsic conditions of the animals may determine the efficiency with which dietary energy is utilized. Considering the importance of energy, new studies need to focus on the same specificities as for amino acid requirements at different stages of pig development. For this, the knowledge of amino acid and energy interaction, as well as a better relationship between them is essential, mainly when using the concept of ideal ratios among essential and limiting amino acids on the development of pigs maintained under good production conditions.
If feed intake after weaning is low, an increase in dietary nutrient content is fundamental for optimal growth piglet. In this case, dietary metabolizable energy (ME) content has an important role.
Based upon previous studies whose objective was to establish a better relationship between digestible lysine (dLYS) and metabolizable energy, this study determined the dietary effects of metabolizable energy and digestible lysine contents on performance and body composition of piglets during the pre-starter nursery phase.
Material and Methods
This experiment was conducted in the swine facilities of the Instituto de Zootecnia in Nova Odessa, São Paulo, Brasil. Room temperatures during the study was maintained from 27.5 ± 2.1 o C (maximum) to 21.3 ± 1.3 o C (minimum).
It was used 114 weaned piglets with an initial body weight of 7.4 ± 0.80 kg. Out of these, 108 piglets were housed in randomized block design with six treatments and six replications and three animals per experimental unit. Initial weight was used to compose the blocks. The remaining piglets were slaughtered on the weaning day to provide basal body composition data.
Six concentrations of digestible lysine and metabolizable energy were used. Amino acids were established as two levels below and three levels above the optimum level determined in a preliminary study (Trindade Neto et al., 2009 ). The diets had 2.11 ± 0.28% of crude fiber and were considered highly digestible due to the characteristics of the ingredients used (AMIPIG, 2000) .
The diets (Table 1) were used for 13 days, during which the piglets achieved 13.0 ± 1.45 kg of weight. After this experimental period, piglets were offered a highly nutritional standard phase 2 diet to evaluate probable residual treatment effects in a subsequent performance. In the diet formulation for phase 2 the requirement suggestions from NRC (1998) and Rostagno et al. (2005) were used to supply the nutritional levels: 3390 kcal ME; 7% lactose; 18% CP; 0.70% Ca; 0.32% Pd; 1.06% dLYS; 0.61% digestible methionine + cistine; 0.19% digestible tryptophan; 0.66% digestible threonine; 0.59% digestible isoleucine; 0.73% digestible valine. Other essential amino acids were supplied without including crystalline amino acids (Table 2) .
Six piglets, selected from a group of 114 piglets were slaughtered at weaning to collect baseline data. The selection was such that 2 piglets represented the average weight of the whole group (7.4 ± 0.80 kg) while 2 piglets represented the heaviest group and the remaining 2 piglets represented the lightest group. The average data obtained in this stage were used to compare the values of body chemical composition for determination of the protein and lipid deposition at the end phase 1 of the experiment.
At the end of phase 1, after 16 hours of fast, 36 piglets (6/treatment) were slaughtered to determine the chemical composition in body fractions (blood, offal and carcass) and empty body, as well as the daily deposition rates. The slaughter was carried out by bleeding after electric concussion.
The pigs chosen for slaughter were those with an average weight from each pen, according to density, to evidence the difference between body composition and deposition daily rates. Empty body was defined by differences among fasting weight and the contents of the stomach, intestines and bladder.
After bleeding, the offal (empty digestive and urinary tracts, glands, reproductive organs, heart, liver, spleen, lungs, kidneys and perineal fat) were removed.
Three blood samples (approximately 80 mL) were collected for chemical analysis. Offal was removed, emptied and weighted. Offal and carcass were packed and maintained at minus 10 o C until processing. Blood, offal and carcass samples were dried and grounded for subsequent chemical analysis. Freezer dryer worked by vacuum system at 5 mm/Hg, at -52 o C and dried by sublimation. Samples were ground with dry ice in a blender. 4 Fat 40%; Lactose 40%; ME 6498 kcal/kg; CP 10.5%; Dig. Lys 0.60%; Dig. Thr 0.46%; Dig. Met + Cys 0.35%; Dig. Trp 0.09%; Ca 0.25%; Available phosphorus 0.30%; Na 0.45%; Potassium 1.20%. 5 Fat 5%; Lactose 70%; ME 3800 kcal/kg; CP 11.0%; Dig. Lys 0.73%; Dig. Thr 0.53%; Dig. Met + Cys 0.36%; Dig. Trp 0.13%; Ca 0.58%; Available phosphorus 0.66%; Na 0.80%; Potassium 2.00%. 6 Calcium -25%. 7 Per kg: Vit. A 10,000,000 UI, Vit. D 3 2,200,000 UI, Vit. E 18,000 UI, Vit. K 5,500 mg, Vit. B 1 1,800 mg, Vit. B 2 6,000 mg, Vit. B 6 2,200 mg, Vit. B 12 24,000 mg, Niacin 36,000 mg, Folic acid 650 mg, Pantotenic acid 18,000 mg, Biotin 120 mg, Se 300 mg, BHT 20 mg. 8 Per kg: Mn -30,000 mg; Zn -140,000 mg; Cu -16,000 mg; Fe -90,000 mg; Co -200 mg; I -850 mg.
Chemical analysis occurred in duplicate in the Instituto de Zootecnia, São Paulo. Water, protein, fat and ashes percentages on blood, offal and carcass (including head, feet, nails and hair) were determined according to AOAC (1984) .
Weight gain, feed intake and feed conversion rates were measured after 13 days from the start and at the end of phase 2 after 19 days from the end of the preview phase. The characteristics considered were weight gain, feed intake, feed conversion rate, body chemical composition, water, protein, fat and mineral accretions in carcass and empty body, according to mathematic model:
in which Ŷ ijk = constant associated to all observations; μ = characteristic general average; C i = i nutrient concentration effect, that i = 3400 and 1.378; 3550 and 1.439; 3700 and 1.500; 3850 and 1.561; 4000 and 1.622; 4150 and 1.683% of kcal de ME/kg and digestible lysine, respectively; B k = k bloc effect, that k = 1; 2; ... 6; eij k = random error associated each observation.
Results and Discussion
There were no significant differences on final body weight and on weight gain of piglets at the end of phase 1 (Table 3) .
On feed intake (P=0.06) and on feed conversion rate (P=0.03) descendent linear effect was observed due to increase of energy, lysine and other dietetics amino acids concentration, according to respective equations: Ŷ = 0.832065 -0.0000705X, R 2 =0.42; and Ŷ = 1.818859 -0.0001285X, R 2 = 0.25. The coefficients of determination are low for these characteristics; however, they suggested an increase in efficiency of dietary nutrient utilization even an absence of significant differences in weight gain and final weight at initial-1 phase according to increased energy and amino acid in diets.
The maintenance of relationship and the increase of nutrients density assured the nutrients supplied for growing needs, since the weight gain was satisfactory in all studied levels. Because of low statistic precision, the interpretation of these results requires reflection, as it will be discussed further.
The decrease of feed intake might be due to a supply of energetic demands according to increased metablizable energy, lysine and other amino acids. As the first limiting amino acid, the efficiency of lysine utilization changes as a consequence of relative absorption rate from maximum body protein synthesis demanded by the pig. Under adverse situation, the negative effect of amino acid occurs on growth rate when there is an excess, mainly because of a reduction in voluntary intake (Heger, 2003) and on net protein, due to amino acid deamination and consequent nitrogen elimination (D 'Mello, 2003) .
The correct energy supply is a fundamental factor on lysine and other amino acid use. The energy of the diet is usually a limiting factor of protein deposition in pigs until 40 kg of weight (Boisen, 2003) . Therefore, the lysine requirement would be associated with optimum composition of available amino acids relative to energy of diet, and this combined needs decreases during the growing period as the pig grows. When there is an imbalance among dietary nutrients, utilization of the limiting amino acid is affected under ad libitum feeding conditions. In this case, the first symptom would a be reduced growth due to a decrease in feed intake (Van Lunen & Cole, 1998) and it occurs when the lysine: energy ratio is above the optimum (Moughan & Fuller, 2003) .
By emphasizing the ideal protein application on piglet diet preparation for nursery periods, Gatel et al. (1992) concluded that the maximum weight gain for piglets from 8 to 25 kg would be obtained with the average ingestion of 4.73 g of lysine per Mcal of metabolizible energy. Similar suggestions were made by Williams et al. (1997) after comparing healthy pigs with immunologically challenged pigs, from 6 to 27 kg of body weight. In healthy pigs, average ingestion of lysine was 4.72 g per Mcal of metabolizible energy while in immunologically challenged pigs, lysine ingestion was 3.77 g per Mcal of metabolizible energy. Because of discrepancies found in results from literature, it was confirmed that one of the greatest challenges of nutrition is determining the physiologic limit into which the animal can respond satisfactorily to dietary nutrient supply. Non intrinsic factors are determinants on characterization of genetic potential that is measured as performance.
Some considerations about the results and data precision in this study are important. The average temperatures were 27.4°C (maximum) and 21.9°C (minimum); therefore, there were different levels of thermal comfort (22 to 24°C) for piglets in this development phase. According to Patience et al. (1995) , fluctuations above 2°C have harmful effects on the growth rate and feed conversion rate. However, this is the reality for Brazilian swine production conditions, as it occurred from December to January. The application of results probably would not be the same during the winter period when temperature variation are lower and stimulate feed intake.
When calculated, the relative values of weight gain, liver weight, kidney weight and offal total weight, indicate that estimated levels in 3650 kcal of ME and 1.411 of digestible lysine would be close to the requirements. Moreover, the better performance did not coincide with hypertrophy of these organs, which is normally caused by excessive nutrient supplies and high catabolic activity.
Regarded to the variation on the sizes of the organs, Chan & Hargrove (1993) explained that the exposure of the liver to high concentrations of amino acid and blood hormones from hepatic portal vein presented two important effects. First, the increase of the size of this organ and of the kidney when hepatic and kidney cells proliferate. This proliferation is due to increase of DNA and RNA and activation of enzymes needs for cell constituent synthesis and cellular division, resulting in growth and protein accretion. Second, the increase of enzymes concentration for catabolism of exceeding amino acids and the use of the resultant carbon chains. Amino acid concentration in general circulation does not increase the levels observed in portal circulation. High quantities of protein impose an adaptation and increase of enzyme concentration in the liver and kidneys that convert amino acid to precursors during glucose Table 3 -Piglet performance and body deposition rates during nursery period, according to nutritional levels of energy and lysine 1. Estimated value based on laboratory analysis and an average value obtained in a metabolism essay in which ME:GE was 89.15% 2. Estimated value based on laboratory analysis and the weighted average relation of 88.15% digestibility, used as relation to total lysine from the main ingredients. 3. Slaughtered: 6 piglets per treatment with average weight from each treatment, at the final of experimental phase. ** Quadratic effect (P=0.06).
and fat acids synthesis. On the other hand, a diet high in carbohydrates reduces the activity of enzymes that participate in gluconeogenesis and amino acid catabolism. Therefore, there is a physiological relationship of opposition between protein and carbohydrates establishing the nutritional requirements, according to the age of the pig age and body weight changes. On a daily rate of protein deposition of carcass, there was a quadratic effect (P=0.06) of nutritional density Ŷ = 547.29089 -0.2641232X + 0.00003515X 2 -R 2 0.60). In this case, the optimal level of metabolizable energy would be close to 3700 kcal/kg or an intake of 2130 kcal/day, based on analyzed composition. For digestible lysine, the approximate values would be 1.44% or 4 g digestible lysine/Mcal, based on laboratory analysis values adjusted by digestibility indices as observed by Trindade Neto et al. (2009) .
There were no significant differences on lipid deposition, carcass water and ash contents among dietary treatments. The average values obtained for these characteristics were 30.4, 197.4 and 4.7 g/day, respectively.
The changes in performance (Table 3) coincided with accretion of carcass protein and increase in weight, although there were no significant differences (P=0.07). During the growth period, protein synthesis is allocated preferentially to muscle composition in a direct relation with water content. This relation in lean tissue corresponds to ¾ of water and ¼ protein (Claus & Weiler, 1994) .
On the empty body, there were no significant differences on daily rates of chemical composition. The results obtained from deposition changed from 53 to 63 g/day of protein, 27 to 39 g/day of fat, 230 to 269 g/day of water and 5 to 6 g/day of ash content. Le Bellego & Noblet (2002) observed that amino acid supply did not affect energy utilization and body composition of weaned piglets from twenty eight days of age to slaughtered at 15 kg. In this study, they used 4.23 g of lysine/Mcal NE in diets that changed from 3,380 to 3,413 kcal/kg of ME.
Average values obtained in empty body and carcass have some equivalencies mainly regarded to the protein and fat (Table 3 ). This information would confirm observations by Boisen (2003) about pig body composition, that for every kilo of deposited protein, there is a corresponding gain of 4.4 kg. In this study with weaned piglets in the initial phase of growth, the relationship between gain and daily deposition of protein was 7.3 and when the addition of protein and fat deposition was considered, the relation decreased to 4.7. Values found here are comparable to those suggested by Van Lunen & Cole (1998) for piglets at 15 kg.
A linear increase of lysine requirement was confirmed by Trindade Neto et al. (2001) , and in another study , Trindade Neto et al. (2004) increased the levels and observed a quadratic response for the quantity of protein in the carcass. In the second study, the authors estimated 1.51% total lysine, about 1.30% digestible lysine, using diets with 3,250 kcal ME and estimated intake 4.06g/Mcal of ME. The estimated intake was similar in this experiment and confirmed the need to establish the correct relation between lysine and energy and when to use the ideal relation among amino acids for growth and muscle accretion.
There were no significant effects of dietary energy and lysine levels on the weights of body fractions and their chemical composition (Table 4) . Offal, blood and carcass weight, as well as corresponding proportions on empty body, did not differ with energy and lysine variations in diets. Similarly, there were no significant effects of dietary treatment on water, protein, fat and ash composition. The lack of differences among dietary treatment on weights and respective chemical components may be explained by the fact that there were no statistical variation of animal weights at slaughter. The absences of effect on energy and lysine levels revealed uniformity in chemical component synthesis during the interval of the studied weight.
Percentages of water and fat components on the carcass were similar to those found by Auldist et al. (1997) in a study with piglets at 7 kg of body weight and diets changing from 1.37 to 1.74% of lysine. Trindade Neto et al. (2001) verified major efficiency of lysine utilization for muscle protein synthesis of piglets when total lysine level was elevated to 1.25%. These observations confirmed the results by Susenbeth (1995) and Auldist et al. (1997) showing that an increase in dietary lysine levels stimulates the development of protein fractions or compartments of the body. However these authors did not determine an optimum dietary limit. Results of the present study indicate an optimum dietary lysine level with energy demand, both of which are higher than reported in previous studies.
Based on empty body, the average chemical composition in natural matter basis was the following: protein,16.85%; fat, 9.94%; ash, 1.22%; and water, 71.99%. These results are consistent with the ones reported by Whittemore (1993) in which body protein content is more stable than fat content, ranging from 14 and 18%, with an average of 16%. The author suggested that body lean content changes inversely to fat tissue partly because of the change in the water content in the lean tissue. This change could be associated with a decrease in protein anabolism and a simultaneous increase in fat deposition as the age of the pig and body weight changes. Therefore, growth efficiency is associated with muscle mass accretion. Normally, the muscle has 70 to 75% water, 5 to 15% fat and 20 to 25% protein. In young swines, when muscle protein synthesis rate is high, the water content may be as high as 80%, however, in adult swines it may be under 70% (Whittemore, 1993) .
In the same way, body protein and fat deposition rate are indicative of protein synthesis efficiency in response to nutritional levels in diet. The absence of effect among experimental diets suggests that levels of digestible lysine, around 1.5%, and metabolizable energy around 3,700 kcal/kg are better indications in climatic conditions of this study (20 to 29°C). Trindade Neto et al. (2004) suggested the need for new studies with total lysine levels above 1.46% and emphasized that some characteristics may show some changes from better nutritional levels , even though the response has been small. It was also observed that when they are isolated, these variables may not be considered to better determine lysine levels due to contradictory results from literature in relation to lysine effects on swine body chemical composition, determined in samples with or without fat.
Increase of protein concentration (P<0.05) on de-fatted dry matter confirms a major efficiency in the synthesis and protein deposition (anabolism) in response to an increase in lysine. The responses obtained on de-fatted dry matter indicate that body chemical composition may change in small quantities. This small variation could be from a combined supply of limiting and other amino acids in protein metabolism of swines.
According to Friesen et al. (1996) , protein synthesis would not be totally associated with muscle deposition during growth, but the preferential destination would be the skeletal muscle deposition. Using piglets up to the forth week of age, Davis et al. (1996) concluded that the intensity of muscle protein synthesis is a feed response. In the present study the nutrients concentration, on carcass and empty body, confirm a lysine level no lesser than 1.50%, according to Trindade Neto et al. (2004) . The energy level, however, is higher to those previously reported. Ash concentration in de-fatted matter linearly decreased (P<0.05) in response to increasing dietary lysine concentration. Similarly in the carcass, the reduction in ash concentration in the empty body was probably due to the gradual changes and deposition in different tissues. According to Trindade Neto et al. (2004) there was not an explanation for that observed variation, as a result of increasing body protein concentration as mentioned by Whittemore (1993) , that ash and protein rate is relatively constant due to the use of bones as structure support for musculature.
Non significant statistical effect on protein and fat quantity or concentration in body fractions and empty body, indicate similar efficiency of energy and lysine use for protein synthesis in piglets in response to an increase in dietary nutrients density. Results of feed conversion rate, protein deposition in carcass and protein concentration on de-fatted dry matter confirm observations by Susenbeth (1995) and Trindade Neto et al. (2001) that an increase of lysine levels stimulates the development of protein fractions or compartments of body. This situation occurs when a pig has the genetic potential for high deposition of muscle mass, and the requirements to support this maximal use efficiency is supplied. When the animal has good health conditions, the optimal level can be attained, and the changes around this will be minimal (Williams et al., 1997 ).
Significant differences from residual effects of dietary treatments applied during phase 1 on subsequent phase and the total nursery period (Table 5) were not observed.
The animals that had lower intake of the experimental diets in phase 1 were as efficient as the others were in their use of the diet that was offered in the subsequent phase. The recovery at initial phase 2 and the total period of nursery showed that the quality of the diets used permitted animals with worse performance from the phase 1 to become equal to others, under some physiological limits.
Conclusions
Increase in dietary energy and lysine density confirms the need for a correct balance among to ensure good performance of piglets during the initial growing phase. The results of feed efficiency and body composition confirm the indicated levels: 4 g dLYS/Mcal in previous study. New studies focusing on amino acid and energy concentration will be able to show favorable responses about limits of nutrients concentration on performance and body composition of piglets after weaning. 1 Estimated value based on laboratory analysis and average value from metabolism assay were ME:CE was 89.15% 2 Estimated value based in laboratory analysis and weighted average relation of 88.15% digestibility used as relation to total lysine from the main ingredients. 3 Evaluation of probable residual effects from treatments applied in phase 1. Table 5 -Piglet performance during the nursery phase following dietary treatment in phase 1
